Function of sulfhydryl groups in ribosome-elongation factor G reactions. Assignment of guanine nucleotide binding site to elongation factor G.
Titration of elongation factor G (EF-G) with the thiol reagents 5,5'-dithiobis(2-nitrobenzoate) (DNTB), p-hydroxymercuribenzoate (HMB), and N-ethylmaleimide and analysis of cysteic acid after performic acid oxidation revealed a total of four sulfhydryl groups per EF-G molecule. One of these is exposed in the native state and could be used to distinguish between two different conformations of EF-G in our preparations according to its rate of reaction with DTNB and HMB. No evidence for disulfide bridges was obtained. Among the different nucleotides tested, GTP, GDP, and GMP were able to protect the native sulfhydryl group against reaction with DTNB in the absence of ribosomes. Their Kd values with the faster reacting EF-G were 3.4 x 10(-4) M, 0.3 X 10(-4)M, and 2.0 x 10(-4) M, respectively. Because of the specificity of protection by guanine nucleotides and the correspondence of the Kd values with Ki values for GDP and GMP in the ribosome-EF-G GTPase reaction, their binding site on EF-G should be closely related to the active center for ribosome-dependent GTP hydrolysis. Blockage of the native sulfhydryl group of EF-G with a variety of irreversible thiol reagents reduced its activity from one to two-thirds in ribosome-dependent complex formation, GTP hydrolysis, and poly(U)-directed poly(phenylalanine) synthesis. A test of the N-ethylmaleimide-treated EF-G showed both the Km and Vmax of the GTPase reaction to be affected. Thus, the native sulfhydryl group, although important, appears not to be located in the GTPase active center. Denaturation of EF-G with guanidine-HCl and random blockage of any of the three masked sulfhydryl groups caused inactivation, likely due to steric interference with proper chain folding upon renaturation. Treatment of ribosomes or ribosomal subunits with six different thiol reagents at a concentration of 0.27 mM had little or no effect on the ribosome-EF-G GTPase, except for the case with HMB which inactivated the 30 S subunit. An interaction of EF-G with the 30 S subunit in addition to that known to occur with the 50 S subunit is suggested by a rapid and preferential exchange of HMB from the native sulfhydryl group of EF-G to the 30 S subunit of 70 S ribosomes.